Background: The aim of this study was to gain insight into the experience of time of terminal patients with cancer. Experience of time is relevant in palliative care in both policy and practice. On a policy level, the Quality Adjusted Life Year (QALY), the most used outcome measure for cost-effectiveness analysis in healthcare, assumes time to be a linear and additive variable, which is one of the reasons that its applicability in palliative care is questioned. On a practice level, a better understanding of the experience of time of patients with limited time left, could help to recognize if and how these patients can have a more meaningful use of time. The main focus of this study was to discover whether time perception of these patients in their last months of life had changed as compared to earlier periods of time in their lives in good physical health. The pace of time and time dominance (comparison of past, present and future) were investigated. Methods: In several hospices and palliative care units in the Netherlands, twelve semi-structured interviews were conducted with terminal patients with cancer.
Background
One of the earliest documented discussions on the nature and experience of time was by St. Augustine about 1600 years ago [1] . He found that time is impossible to grasp and yet it always exists in the present. Also today the experience of time is debated by philosophers and (neuro)scientists [2] . There is no consensus on what perception of time is and how it is governed in the human brain [3, 4] . This makes time a difficult topic to study.
When studying time perception, clock time and embodied time should be distinguished [5] [6] [7] . People are better equipped to perceive changes in numbers, magnitude and prominence of events in a given time interval, then experiencing time as an independent variable, due to a lack of 'temporal receptors' [7] . Therefore, experience of time can be defined as the experience of events. Time intervals that contain more stimuli (e.g. motion, visual information) tend to be experienced as if the duration is shorter than time intervals containing fewer stimuli [8] [9] [10] . For example, lying awake at night, contemplating, can feel significantly longer than receiving a visit from your grandchildren during the day.
Being diagnosed with a terminal illness disrupts many aspects of life [11, 12] , among which the experience of time [13] [14] [15] . Lövgren et al. showed that the time experience of patients with inoperable lung cancer tends to change after their diagnosis [15] and van Laarhoven et al. showed that time experience differs between cancer patients with advanced disease and disease-free cancer survivors [16] .
Experience of time is relevant in palliative care in both policy and practice. On a policy level it is important to understand the experience of time of patients to make decisions about health interventions. It plays an important role in the Quality Adjusted Life Year (QALY), the most used outcome measure for cost-effectiveness analysis in healthcare [17, 18] . A debate regarding its applicability in palliative care is ongoing [19] . The QALY has two main determinants, the quality of life (Q) and life years (LY) gained by health interventions [20] . In the QALY, time is considered to be linear and additive (clock time). This is one of the reasons for discussions on its applicability for comparing curative health interventions and palliative care interventions and seemingly results in unfavorable financial allocation for palliative care [21] . Moreover, the QALY is a measurement tool, used on a macro level, that should be representative for what is important on a micro (patient) level.
On a practice level, a better understanding of the experience of time of terminally ill patients may help to recognize if and how these patients can have a more meaningful use of time. When a health care professional and patient talk about the diagnosis and prognosis of incurable cancer, they discuss the decreased life expectancy [22] , even though this is difficult to estimate correctly [23] . In such discussions, often only clock time is taken into account, while the embodied time is not addressed. It is known that in patients with cancer there is a relation between a focus on the past and distress [16] and that patients in this group have an increased appreciation of aspects of daily life [15] . Health care professional-patient conversations regarding experience of time may help to find daily activities best fitting the patient's wishes, aiming at making the most of their remaining time. However, insight in differences in experience of time in the terminal phase compared to an earlier healthy phase of life is limited.
In this study, we explored the experience of time of terminally ill patients with cancer in their healthy past and in their current terminal phase.
Methods

Study design
Semi-structured interviews were conducted, in which patients introspectively compared their current experience of time with that in a healthy phase of their lives. The interviews were conducted by master students from multiple disciplines. The interviewers explained to each patient that they were interested in the patient's experiences and views on this topic. All interviewers had interview training and were experienced in conducting interviews. Each interview was conducted by two people, who discussed the interviews afterwards, aiming at accounting for assumption and biases.
A semi-structured topic list (Table 1 ) was developed. For each topic, experiences, feelings and emotions were explored through open-ended questions. The first topic -pace of time -was explored solely through open-ended questions. In the second topic -time dominance -patients were firstly asked to compare the past, present and future by performing Cottle's Circles Test [24] . In this test, patients are asked to draw three circles representing the past, present and future. Time dominance is then assessed by comparing the sizes of the three circles. If the circle representing the past is the largest, past dominance is indicated. In the same manner, past and future dominance are determined. There are also other situations, for example if all circles are equally large (Fig. 1) . In this study firstly Cottle's Circles Test was conducted, which was used as a starting point for a subsequent conversation using open-ended questions regarding time dominance. The results were drawn from the conversations, not from the drawings, thus correcting for patients who changed their minds. For the full interview protocol, see Additional file 1: Appendix 1.
Participants
In the Netherlands, patients can be referred to a hospice or a palliative care unit in a nursing home if their life expectancy is three months or less. Via several hospices and palliative care units in the eastern part of the Netherlands, patients with cancer were recruited through purposive sampling: potential participants were identified and approached by their healthcare professionals, who provided them with written and verbal information regarding the content and goal of the study. The in-and Main difference between time dominance in the palliative and healthy phase exclusion criteria are listed in Table 2 . This study was restricted to cancer patients to prevent bias based on the underlying (terminal) disease. The hospices informed our study team in case there were patients meeting the criteria, after which one or two researchers travelled to the hospice to conduct the interviews. Upon arrival, the interviewers discussed briefly with staff members if there were significant changes in the health of the selected patients since they were selected for the interview (within approximately two weeks). When meeting the participating patients in person, the interviewers themselves made the executive decision if the patient's medical state allowed participation. The interviewers emphasized that no answers were expected if questions were too personal, that the patient could ask questions at any time, and that they were allowed to cancel participation at every moment. The hospices, palliative care units and patients did not receive any payment for their participation.
Analysis
All interviews were audio recorded and transcribed verbatim and field notes were made. After anonymization, the transcripts were imported in ATLAS.ti (version 7) for data analysis. An inductive iterative process was performed using thematic content analysis [25] . Line by line, systematic content analysis of the first two interviews was performed separately by two researchers. Codes were assigned to the different text segments in the transcripts. The codes were grouped into categories by similarities and these formed themes. After three interviews, the researchers discussed existing codes, the topic list and the need for new codes and/or adaptation of the topic list. New codes were added and used for further analysis.
In reporting the findings of this study, the COREQ (COnsolidated criteria for REporting Qualitative research) guideline was used [26] .
Results
Saturation was reached after seven interviews with an average duration of 40 min. In total twelve patients were interviewed. The patients were between 61 and 83 years old. Eight patients were male. One patient did not complete the interview due to fatigue. Patient characteristics are listed in Table 3 . In the analysis, two themes (pace of time and time dominance) were identified. The interviews were held between January 2017 and April 2017. Theme 1: pace of time Eight out of the twelve patients experienced a different pace of time in the palliative phase as compared to the healthy phase, three patients did not experience a difference and one patient did not give a conclusive answer. All patients noted they lived on a day-to-day basis in the palliative phase. Some already lived on a day-to-day basis in the healthy phase, while others used to live on a week-to-week or event-to-event basis. The limited life expectancy, resulting in uncertainty about the near future, was mentioned as one of the causes for this change and therefore about the possibility to carry out their plans. This eventually resulted in a mindset of not planning ahead. One patient described this uncertainty as follows: Patients also mentioned a sense of losing control because of the physical incapability to undertake the activities they used to do.
When exploring day length in the palliative phase, patients gave various answers, ranging from fast to normal or slow passing of the day. In comparison to the healthy phase, three patients experienced a change in duration. The amount of activities per day could be a marker of a pleasant and quick passing of the day for patients in a hospice.
Although it was not specifically asked, two patients mentioned that the duration of the night was problematic. When they were alone at night, they seemed to ponder a lot. This could be a marker of a less pleasant passing of time. 
Theme 2: time dominance
Eleven patients took part in the Cottle's Circle Test. The other patient stopped the interview preliminary due to fatigue, but did make a comparison between the palliative and healthy phase on this topic. The results of time dominance in the palliative phase are listed in Table 4 .
Patients who sensed their past as most dominant and their future as least dominant, argued this was the case because they had limited time left. They preferred to think about good times from their pasts. The three patients who experienced future dominance in the palliative phase, argued that they had many Other patients also mentioned that they worried about the future. However, this did not necessarily make it the most dominant period of time. One patient phrased his concerns about the future as follows:
"Of course I know what the future will bring me, that is death. That is what it eventually brings everyone. But I just don't know how this will be, how…? how…? how…? Is that, will that be terrible or will that not be so bad at all? […] And the future, well, I think it is equally important as the past." [Patient no . 9] Eight patients made a comparison between the palliative and healthy phase. The results are listed in Table 5 . The remaining four patients did not compare the palliative and healthy phase on this topic, since they either did not fully understand the question, or did not know how they felt about it.
Compared to the healthy phase, four patients experienced the future as less important in the palliative phase. These patients stated that they used to have a busy life, being involved in many activities. 
Discussion
Changes in experience of time of terminally ill patients with cancer in their current, terminal phase compared to the healthy phase of their lives were explored.
Specifically, the experienced pace of time and time dominance (comparison of past, present and future) were researched. When comparing their experiences to the healthy phase, the majority acknowledged a change in pace of time. The patients were divided regarding pace of time. Independent of their lifestyle in the healthy phase, all patients lived on a day-to-day basis in the palliative phase. These findings are in line with the findings by Lövgren et al. [15] .
Regarding time dominance, some patients experienced future dominance, some past dominance and some experienced no dominant time period in the palliative phase. Patients who valued the past most in the palliative phase, found the future most important in the healthy phase. These findings are not in agreement with the findings by van Laarhoven et al., who found that the present time was most dominant in patients with advanced cancer [16] . Van Laarhoven et al. also found that disease-free cancer patients mostly experience future dominance. Combining their and our findings, we hypothesize that in general healthier people are more focused on the future than terminally ill patients. Future was more dominant during healthy phase 4
Past and/or present was more domi-nant during healthy phase 0
No answer 4
The results on both pace of time and time dominance indicate that there is a shift in experience of time in the terminal phase in comparison with the healthy phase.
Challenges in the interviews
The subject of time is difficult to grasp, understand and discuss. This sometimes resulted in confusing or inconsistent answers during the interviews. For example, on the pace of time, one patient initially gave the strong impression that her experience of pace of time was rather consistent, but her following answers suggested that her perception of time had changed since she received palliative care.
Furthermore, there were some challenges in interviewing some of the patients in this group. As mentioned in the method section, the interviewers made the final decision if the recruited patients were able to participate. In two events this led to cancellation of the interview. One patient received deep palliative sedation due to a rapid decline in her physical health and refractory symptoms. Another patient was in a confused and very emotional state, so that the interview was cancelled after the introduction. One of the twelve patients that made the final sample did not finish the interview due to fatigue.
To make a comparison between the terminal and healthy phase, patients were asked if they could recall a phase in their lives in which they were healthy or were able to fully participate in everyday activities. The Peak-End-Rule of Kahneman states that the memory of an event or period can be different than the experience at the time [27] . As a consequence, patients arguably have different ideas about their perception of time in their healthy phase than they did when they were actually healthy.
Strengths and limitations
To our knowledge, this is the first qualitative study in which experience of time in the terminal and healthy phase was compared. This study adds in-depth knowledge about the change of perception of time. The findings may help to recognize how palliative patients can have a more positive experience of time in the final phase of their lives. E.g., considering the experience of time in health care professional-patient conversations may help to identify the needs of palliative patients concerning their daily routines. Additionally, more insight into the applicability of the QALY for cost-effectiveness analysis in palliative care could be achieved as the QALY assumes time a to be a linear and additive variable, which is questioned by the outcome of our study and others, the QALY may not be applicable.
A limitation of this study is that the duration of nights was not studied in depth. Other research suggests that this matter is a problem for palliative cancer patients [28] . Furthermore, the participants had a small range in age, sex and culture. The youngest patient was 61 years and the oldest was 83. Therefore it is not possible to say anything about changes in time perception of younger palliative patients. It is possible that elderly, regardless of their incurable diseases, have a different time perception than younger people [29] . The majority of the interviewed patients were male. All but one were Dutch. The interview with the patient of foreign origin indicated that cultural differences can play an important role in the well-being and experience of time of palliative patients who live in hospices with a Dutch culture concerning e.g. food and the type of activities. Finally, like in other studies [15, 16] , we acknowledge that it is very difficult to measure time. Especially because looking back on a certain time period is difficult when that period is not completed [27] .
Conclusions
Our results suggest that there is a shift in time experience throughout different periods of life. All patients in the terminal phase lived on a day-to-day basis, independent of their lifestyle in the healthy phase. Additionally, patients who experienced the past as dominant in the palliative phase, experienced the future as dominant in the healthy phase.
Recommendations
In future research, valuation of time could be incorporated into interviews to get a more complete view on the subject. We suggest quantitative follow-up research with questionnaires concerning the same topics as we identified in our research. An interesting addition to these topics would be the experience of duration of a night instead of only that of a day.
On a policy level, the impact of the experience of time on the applicability of the QALY in palliative care needs further exploration. The results of our study suggest that the experience of time in the terminal phase is different from the healthy phase, which raises questions on the equal treatment of the LY-component of the QALY in curative and palliative care.
On a practice level, we recommend that healthcare professionals discuss experience of time with their terminal patients. This might facilitate patient centered changes in daily routines regarding e.g. activities, (family) visits and topics of conversation (e.g. the past, present or future). If patients live on a day-to-day basis, it may make more sense to plan activities for maximum one day ahead. Moreover, if the patient has a clear focus on the past, present or future, this may give clues as to what they would like to talk about. These changes might improve patients' experience of time and their quality of life.
Finally, the influence of culture and socialization on the perception of time may be valuable information, so we recommend this is further explored in the future. 
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